switching time is 50 ns. Fig. 3b represents switching while predistortion techniques were applied to the tuning signal. The switching event starts at time 770ns, and the switching time is 20ns, i.e. an improvement of 60% has been achieved due to the predistortion.
loons. This leads to a total switching time (transmitter tuning and receiver locking) of less than 150ns for all wavelengths over the entire C-band. Pin, dBm
Fig. 4 BER curves for optical DWDMpacket switching (continuous) and Jked wavelength (dashed)
Receiver sensitivity: Typical BER curves of the tunable transceiver at 10.7 Gbit/s are shown in Fig. 4 In this Letter we propose to apply a IO GHz phase modulation to a 40 Gbit/s optical signal to reduce the IFWM-induced penalty. Several phase modulation schemes for improving optical transmission performance have been previously demonstrated, including chirped retum-tozero (CRZ), carrier-suppressed RZ (CS-RZ) [5] and alternate-chirp RZ [6] . In [7] and [8] it was shown that by applying an optimum phase shift to every second bit slot, the phase-sensitive IFWM process could be suppressed. The resulting transmission format is a generalisation of CS-RZ for which the phase shift is fixed to 180". Here we show that applying a phase modulation at one quarter of the bit rate can improve performance even more.
Numerical simulations:
In the numerical simulations, a 5 12 bit 40 Gbit/s random data sequence is imposed on an RZ pulse train consisting of Gaussian pulses with 8 ps full-width half-maximum (FWHM). Before transmission a 10 GHz sinusoidal phase modulation is applied to the signal. The transmission link consists of eight spans, each comprising an 80 km standard singlemode fibre (SMF) with dispersion 17 ps/nm/km and a dispersion compensating fibre (DCF) with dispersion -80 ps/nm/km to bring the average dispersion in every span to zero. Nonlinearity parameters and fibre loss are 1.5 W-'kn-' and 0.25 d B / h for the SMFs and 3.5 W-'!un-' and 0.6 dB/km for the DCFs. The output powers of the inline amplifiers in front of the SMFs and DCFs are +6 and 0 dBm, respectively. Since we are focused on the nonlinear transmission penalty, these amplifiers are supposed to be noiseless for simplicity. The preamplifier in front of the receiver has a noise figure of 5 dB. After the preamplifier there is a 160 GHz optical bandpass filter and the receiver includes an electrical fourth-order Bessel filter with a bandwidth of 30 GHz. Transmission performance is measured by finding the signal power into the preamplifier necessary to achieve a bit error ratio (BER) of and calculating the power penalty compared to back-to-back transmission.
First we find the optimum relative delay of the phase modulation and the data signal. Fig. 1 shows the power penalty against relative delay. The transmission performance is almost identical for relative delays of 0 and 25 ps, since the only difference is that the phase modulation is shifted one bit slot. Fig. 2 shows how the optical phase and the pulsetrain are correlated for an optimum delay of 0 (Fig. 2a) and the worstcase delay of 12.5 ps (Fig. 2b) Since a IO GHz phase modulation potentially could affect the four TDM channels differently, we measured the performance improvement for all channels without changing the delay or the amplitude of the phase modulation. Fig. 4 shows BER with and without phase modulation against received power at the preamplifier in front of the optical demultiplexer. The peak-to-peak phase modulation was -go", limited
~
The phase pattem corresponding to optimum delay, which can be represented logically as 'A,A,B,B', can also be obtained by driving the phase modulator with a square waveform at a IO GHz repetition rate. In Fig. 3 we compare the transmission performance for the case when the driving waveform is a sinusoidal and an ideal square wave, respectively, by plotting the power penalty against peak-to-peak phase modulation.
by the output power of the electrical amplifier driving the phase modulator. All four channels were improved and the reduction in power penalty at BER = 1 0-9 was 1.3,2.2, 1.6 and 1.4 dB, respectively.
The difference in sensitivity between the channels as well as the short PUS-length used can be assigned to the performance of the electrical multiplexer.
for the best TDM channel after two spans consisting of 1 0 0 h SMF and DCF against power launched into the SMFs. Results with and without phase modulation are shown in Fig. 5 . The power launched into the DCFs was 6 dB lower for all points. When the power is increased, the improvement obtained with phase modulation becomes higher. This shows that a 10 GHz phase modulation improves the nonlinear tolerance, leading to higher optimum power and better performance.
We also measured the receiver sensitivity at BER = 
Fig. 1 Construction of background-free Si-APD autocorrelator
The sole disadvantage of the TPA autocorrelator is that the autocorrelation trace inevitably has a background level. This is because the TPA autocorrelator is basically the interferometric autocorrelator used in the colinear configuration. The background of the autocorrelation trace makes it difficult to estimate quantitatively the pedestal wing of optical pulses, which may cause serious degradation in the bit error rate performance of the OTDM system. In this Letter, we develop the background-free TPA autocorrelator employing a Si APD. Light passing through two arms of the MachZehnder interferometer is separately intensity-modulated at frequencies offi andf,. The background level is eliminated from the TPA signal by measuring the Si-APD output at the frequency of Ifi -f21 using a lockin amplifier. Using the background-free Si-APD autocorrelator, we demonstrate pulse waveform measurements with a 30 dB dynamic range. Fig. 1 shows the construction of the background-free intensity autocorrelator employing a Si APD as a two-photon absorber. All
Construction of background-free intensity autocorrelator:

